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KineticsThe X-ray crystal structure of chitin oligosaccharide deacetylase from Vibrio parahaemolyticus
(Vp-COD) was determined at an 1.35 Å resolution. The amino acid sequence and structure of
Vp-COD show that the enzyme comprises one polysaccharide deacetylase domain (PDD) and two
carbohydrate-binding domains (CBDs). On the basis of a chitin-binding assay with Vp-COD and its
CBDs-deleted mutant, it was conﬁrmed that CBDs can adhere to chitin. The catalytic activity of
the CBDs-deleted mutant was only mildly depressed compared with that of Vp-COD, indicating that
CBDs are unlikely to affect the conﬁguration of the active center residues in active site of PDD.
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Chitin, a b-(1,4)-linked polymer of N-acetyl-D-glucosamine
(GlcNAc), is a major component of the shells of crustaceans such
as crab and shrimp. Wide varieties of marine microorganisms use
chitin as a nutrient source. Vibrionacea is a representative chitiniv-
orous microorganism in the marine biosphere. Vibrio bacteria
secrete chitinase (EC 3.2.1.14), a major enzyme responsible for chi-
tin decomposition, to produce N,N0-diacetylchitobiose [(GlcNAc)2]
from chitin as an end product outside the cell, then incorporate
the disaccharide into their cells. We previously found that Vibrio
parahaemolyticus KN1699, which was isolated from a Yatsu dry
beach (Narashino, Chiba Prefecture, Japan), secretes two kinds of
enzymes involved in chitin hydrolysis: a glycoside hydrolasefamily 18 chitinase, which produces (GlcNAc)2 from chitin, and a
carbohydrate esterase family 4 (CE-4) chitin oligosaccharide
deacetylase (COD, EC 3.5.1.105), which generates b-N-acetyl-D-glu-
cosaminyl-(1,4)-D-glucosamine (GlcNAc-GlcN) from (GlcNAc)2 [1].
Hence, in strain KN1699, GlcNAc-GlcN is an end product of chitin
degradation outside the cell. Recently, we clariﬁed that this hetero-
disaccharide is not only a nutrient for the cells, but also induces
chitinase production in several species of CE-4 COD-producing
Vibrio strains, including strain KN1699 [2]. Furthermore, we found
that GlcNAc-GlcN acts as a speciﬁc attractant for chemotaxis for
these bacteria [3]. These ﬁndings indicate that GlcNAc-GlcN plays
a role as a signal molecule in the chitin catabolic cascade of CE-4
COD-producing strains of Vibrio bacteria. Hence, COD is key
enzyme for producing this signal disaccharide. Untill now, CE-4
CODs have been isolated from only following four species of Vibrio
besides V. parahaemolyticus KN1699: Vibrio alginolyticus H-8 [4],
Vibrio cholerae EI Tor N16961 [5], Vibrio sp. SN184 [6], and Vibrio
harveyi ATCC BAA-1116 [7]. All these enzymes hydrolyze the amide
bond of the second GlcNAc residue from the non-reducing end of
chitin oligosaccharides, speciﬁcally (GlcNAc)2. These CODs show
no activity against GlcNAc and chitin. A search of the Pfam
database (http://pfam.xfam.org/) suggested that COD from V. para-
haemolyticus KN1699 (Vp-COD) comprised one polysaccharide
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modules (CBM-12). These speciﬁc modules are present in all
known Vibrio CODs. Very recently, crystal structure of COD from
V. cholerae O1 str. NHCC-010F (Vc-COD) was reported (PDB ID:
4NY2), and it was demonstrated that the COD consisted of one
polysaccharide deacetylase domain (PDD) and two carbohydrate-
binding domains (CBDs) [8].
Chitin deacetylase (CDA, EC 3.5.1.41) is another CE-4 enzyme
that hydrolyzes the amide bond of the GlcNAc residue of the chitin.
CDAs have been isolated from several microorganisms and their
properties elucidated. These enzymes show little activity toward
shorter chain chitin oligosaccharides [9–13]. The structures of CDAs
from Colletotrichum lindemuthianum UPS9 (Cl-CDA) [14] and Asper-
gillus nidulans FGS A4 (An-CDA) have been determined [PDB ID:
2IW0 (Cl-CDA) and 2Y8U (An-CDA)]. The structures of these CDAs
show that they do not contain a CBD. In many cases, enzymes that
efﬁciently hydrolyze polysaccharides contain a CBD and remain on
the surface of thewater-insoluble substrate. In contrast, this domain
is usually not observed in enzymes that act on water-soluble short
chain oligosaccharides, as it is not necessary for the enzyme to
adhere to the carbohydrate polymer. However, contrary to expecta-
tion, although all Vibrio CODs possess CBM-12 necessary to bind to
carbohydrate, Cl-CDA and An-CDA do not contain a CBD. This raised
the possibility that the purpose of CBM-12 in Vibrio CODs is some-
thing other than adhesion to chitin. This module may help stabilize
the catalytic function of the PDD in the COD protein. In order to
clarify the functions of the polysaccharide deacetylase motif and
CBM-12 in Vibrio CODs, we have determined the structure of this
enzyme and conﬁrmed the functions of these modules.
In the present report, we describe the structure of Vp-COD and
the function of each of its domains.2. Materials and methods
2.1. Materials
a-Chitin powder was purchased from Nakarai Tesque. GlcNAc
and chitin oligosaccharides were obtained from Tokyo Chemical
Ind. and Seikagaku Biobusiness, respectively. All other chemicals
were of analytical grade and were purchased from Wako Pure
Chemical Ind.2.2. Enzyme preparation
The recombinant Vp-COD was produced using Escherichia coli
transformant harboring plasmid pVP-COD2, which was con-
structed by inserting the Vp-COD gene with an attached signal
sequence (GeneBank ID: AB275387) into pET-21(+) vector (Merck
KGaA), and puriﬁed from culture supernatant of the E. coli trans-
formant according to the procedures reported in our previous
paper [15]. To produce Vp-COD missing the CBDs (DCBDsVp-
COD), the plasmid (pVP-DCBDsCOD) for the production of this
mutant protein was constructed by the procedures shown in Sup-
plementary Fig. S1 and E. coli BL21(DE3) was transformed with this
plasmid. This E. coli transformant was grown at 30 C with shaking
(100 rpm) in 500 ml of LB medium supplemented with 50 lg ml1
ampicillin to an OD600 of 0.4. Isopropyl-b-thiogalactopyranoside
was then added at a ﬁnal concentration of 1 mM and the culture
was incubated for an additional 48 h at 30 C. After removing the
E. coli cells by centrifugation (3000g, 20 C, 10 min), (NH4)3SO4
was added to the obtained culture supernatant at 80% saturation
to precipitate the proteins. The precipitate was dissolved in a small
amount of 20 mM sodium phosphate buffer (pH 7.0), and then dia-
lyzed against the same buffer to yield the crude enzyme solution.
The solution was loaded on a DEAE-Sepharose Fast Flow resin(GE Healthcare) column (size:u1.5  17 cm) pre-equilibrated with
the same buffer. Proteins were eluted from the column with a
linear gradient of 0–0.6 M NaCl in the same buffer. The fractions
containing DCBDsVp-COD were combined, and the mutant
enzyme was further puriﬁed by gel ﬁltration column chromatogra-
phy using a Bio-Gel P-100 Fine resin (Bio-Rad Lab.) column (size;
u2.0  78 cm) pre-equilibrated with 20 mM sodium phosphate
buffer (pH 7.0).
The homogeneities of Vp-COD and DCBDsVp-COD were con-
ﬁrmed by SDS–PAGE. The activity of these enzyme proteins was
assayed by the method reported previously [15,16]. One unit (U)
of enzyme activity was deﬁned as the amount of enzyme required
to produce 1 lmol of GlcN residue from (GlcNAc)2 per min. The
protein concentration in the solution containing each enzyme
was determined by Lowry’s method using bovine serum albumin
(Thermo Fisher Scientiﬁc) as a standard [17]. The N-terminal amino
acid sequences of the puriﬁed enzymes were determined using a
Procise 492 cLC protein sequencer (Life Technologies). The mass
of Vp-COD was further investigated by high performance gel ﬁltra-
tion liquid chromatography. This chromatography was performed
using an LC-10AS pump (Shimadzu) equipped with a SPD-10AV
UV–VIS detector (detection: 280 nm) (Shimadzu) and a TSK Super
SW3000 column (u4.6  300 mm, Tosoh). Proteins were analyzed
under isocratic conditions using 20 mM sodium phosphate buffer
(pH 7.0) containing 0.3 M NaCl as the mobile phase solvent (ﬂow
rate; 0.3 ml min1).
2.3. Crystallization and structure determination
Puriﬁed Vp-COD was crystallized by the hanging-drop vapor
diffusion method. Vp-COD (1 ll; 20 mg ml1) in 20 mM sodium
phosphate buffer (pH 7.0) was mixed with an equal volume of res-
ervoir No.43 solution [0.1 M Tris–HCl buffer (pH 7.0) containing
10% (w/v) PEG8000 and 0.2 M MgCl2; Wizard II kit (Emerald
Bio)]. Crystals appeared after incubation for one month at 20 C.
The crystals were harvested and placed into a cryoprotection solu-
tion [30% (w/v) glycerol in reservoir No. 43 solution]. All diffraction
data were collected at BL-17A of the Photon Factory (Tsukuba,
Ibaraki prefecture, Japan) using an ADSC Quantum 315 CCD detec-
tor, at cryo-temperatures. All data were processed and scaled using
HKL2000 and scaled with SCALEPACK [18]. The structure of
Vp-COD was initially solved by the single wavelength anomalous
dispersion (SAD) method. The positions of the Zn atom were deter-
mined using the program AutoSol in the PHENIX program suite
[19]. Successive rounds of auto model building were carried out
using AutoBuild module in PHENIX. Maximum likelihood reﬁne-
ment was performed using the program phenix.reﬁne. After several
rounds of reﬁnement including a bulk solvent correction and
anisotropic scaling of the data, individual anisotropic ADP reﬁne-
ment was carried out. In the course of the reﬁnement, water mol-
ecules were manually added to the models by inspection of the
2Fo  Fc and Fo  Fc maps, and individual ADP reﬁnement was car-
ried out in the ﬁnal stages. The stereochemistry of the ﬁnal model
was assessed using COOT [20]. Structural evaluation of the ﬁnal
models of the Vp-COD was analyzed using MolProbity [21]. A sum-
mary of the data collection and reﬁnement statistics is shown in
Supplementary Table S1. The ribbon models and surface models
of protein structures were constructed using CueMol (http://
www.cuemol.org/) and QtMg [22], respectively.
2.4. Chitin-binding assay
a-Chitin powder (15 g) was added to 2 M NaOH aqueous solu-
tion (100 ml) and the mixture was heated with stirring in boiling
water for 30 min. The resulting suspension was ﬁltered through
No. 5A ﬁlter paper (Kiriyama Glass), and then the residue on the
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7.0. The residue (highly deproteinized a-chitin powder) was re-
suspended in 20 mM sodium phosphate buffer (pH 7.0) and packed
in a column (u1.0  2.3 cm). Puriﬁed Vp-COD (or DCBDsVp-COD)
was loaded on this column pre-equilibrated with the same buffer.
After washing the a-chitin in the column with 25 ml of 20 mM
sodium phosphate buffer (pH 7.0), we attempted to elute the pro-
teins adhering to the a-chitin by sequentially using three elution
buffers (ﬂow rate: 0.8 ml min1): 1st, 25 ml of 0.5 M NaCl in the
same buffer; 2nd, 50 ml of the same buffer; 3rd, 25 ml of 2.0 M
guanidine hydrochloride in the same buffer. All these operations
were conducted at 4 C. The eluate from each step was concen-
trated to 0.25 ml using an Amicon Ultra-15 Centrifugal Filter
Device and the protein was analyzed by SDS–PAGE.
2.5. Kinetics study
The assay mixture (8 ml) containing approximately 0.5 lg ml1
of Vp-COD (or DCBDsVp-COD) and (GlcNAc)2 (1.0 mM, 2.0 mM,
3.0 mM, 4.0 mM, or 5.0 mM) in 20 mM sodium phosphate buffer
(pH 7.0) was incubated at 37 C. A 1 ml aliquotwaswithdrawn from
the reaction mixture every 5 min for 30 min and heated at 95 C for
5 min in a hot dry bath to stop the enzymatic reaction. Heat-
denatured enzyme was used in the control reaction mixture.
Enzyme activitywas determined according to the above-mentioned
colorimetricmethod. The values of Km and Vmax were obtained from
double reciprocal plots of the reaction curves. Themolecularmass of
Vp-COD (44.7kDa) and DCBDsVp-COD (34.1kDa) were calculated
from the respective amino acid sequence.3. Results and discussion
3.1. Preparation of recombinant enzymes
Recombinant Vp-COD and DCBDsVp-COD were puriﬁed with
total yield of 38% and 59%, respectively, from the culture superna-
tant of each E. coli transformant. Each puriﬁed enzyme gave a sin-
gle band on SDS–PAGE (Supplementary Fig. S2A). The molecular
masses of Vp-COD and DCBDsVp-COD were estimated to be
48kDa and 39kDa, respectively, from comparison with standard
proteins, consistent with the removal of CBM-12 from Vp-COD.
The N-terminal amino acid sequence of DCBDsVp-COD was
QTDTKGTIYLTFDDG, indicating that the signal sequence was
removed when the expressed protein crossed the E. coli cytoplas-
mic membrane, the same as for Vp-COD. Analytical gel ﬁltration
chromatography indicated that the molecular mass of Vp-COD is
36.3kDa, suggesting that this recombinant protein is monomeric
in solution (Supplementary Fig. S2B). In this analytical method,
the molecular mass of Vp-COD was estimated to be a little lower
than that estimated by SDS–PAGE.
3.2. The structure of Vp-COD
Synchrotron diffraction data were collected from crystals of
Vp-COD to 1.35 Å resolution. The ﬁnal model has been deposited
in PDB with the ID code 3WX7. Two Vp-COD molecules are found
in the asymmetric unit, and the PISA server (http://pdbe.org/pisa/
) suggests that these form a dimer in the crystal (buried interface
surface area of 1337.4 Å2). However, this protein was monomeric
in solution (see Section 3.1). The structure showed that Vp-COD
consists of three domains, each corresponding to a module pre-
dicted from the primary structure: one PDD (residues 23–331)
and two CBDs (residues CBD1, 332–380; CBD2, 381–427)
(Fig. 1A). One calcium ion was present between the PDD and the
CBDs. The PDD comprised a deformed b/a barrel consisting of 16a-helices and 12 b-strands. One acetic acid (AcOH) molecule was
found at the bottom of the active site pocket and one zinc ion
was present in the pocket. We think that the AcOH was supplied
through E. coli cultivation, though its origin is unclear. The struc-
ture of Vp-COD is very similar to that of Vc-COD [identity of the pri-
mary structure; 81.4%, average root-mean-square deviation of the
overall Ca carbon atoms (CaRMSD); 0.752 Å].
From the data involved in other CE-4 deacetylases such as
Vc-COD, Cl-CDA, and An-CDA, following situations are indicated
about Vp-COD: the zinc ion is coordinated by the triad consisting
of an aspartic acid residue (Asp36) and two histidine residues
(His93 and His97), which are located near the zinc ion; His291
and Asp35, which are in the vicinity of the zinc ion-binding triad,
act as the catalytic base and acid, respectively (Fig. 1B). Amino acid
residues that ofﬁciate as the metal ion-binding triad and general
acid–base catalysts are generally conserved in other Zn-dependent
deacetylases [23]. It is known that in several CE-4 deacetylases, the
metal ion-binding triad and the general acid–base catalysts work
together as the catalytic centers during hydrolysis of the amide
bond [14,24,25]. We believe that the Vp-COD also hydrolyzes the
amide bond of the reducing end GlcNAc residue of (GlcNAc)2 using
the same reaction mechanism as these CE-4 deacetylases. Primary
structure alignment of PDD of Vp-COD, PDD of Vc-COD, Cl-CDA, and
An-CDA indicated that several PDD regions (67–73, 99–125, 174–
205, 232–238, 256–284, and 296–303) in Vp-COD are absent in
the CDAs (Fig. 2A), though Vc-COD possesses. The structure of
Vp-COD conﬁrmed that the a-helices and loops constructed by
these regions (yellow-colored helices and loops in Fig. 2B) form a
deep narrow active site pocket in the PDD (yellow-colored portions
of PDD of Vp-COD in Fig. 2C). Such structures are observed in
Vc-COD too (PDD of Vc-COD in Fig. 2C). In contrast, since Cl-CDA
and An-CDA lack the regions necessary to form such structures,
their active sites are shallow and more open (Cl-CDA and An-CDA
in Fig. 2C) than those of the PDDs of Vp-COD and Vc-COD. CODs
acts on shorter chain chitin oligosaccharides such as (GlcNAc)2
[1,4–7,15], while CDA shows higher activity against longer chain
chitin oligosaccharides and GlcNAc polymer chitin [9–13]. We
speculate that (GlcNAc)2 can enter the deep narrow PDD active site
pocket of COD easily, whereas it is difﬁcult for chitin to enter this
pocket. On the other hand, it seems easy for chitin to contact the
shallow and open active site of CDA. Therefore, the difference in
substrate speciﬁcity between COD and CDA is reﬂected in the
geometry of their active site pockets. Very recently, through
detailed exploration about crystal structure of Vc-COD, it was sug-
gested that the speciﬁc loop of the structures forming deep active
site pocket determined the speciﬁcity of this enzyme against chitin
oligosaccharides [8].
The CBDs of several carbohydrate-related enzymes have been
grouped into three types (surface-binding, glycan chain-binding,
and small sugar-binding) according to their structures and func-
tions [27]. The domain of CBM-12 is of the surface-binding type,
indicating that the CBDs of Vp-COD belong to the surface-binding
group. The CaRMSD between CBD1 and CBD2 was 0.37 Å, indicat-
ing that the structures of these two domains are very similar. The
structure of CBM-12 (PDB ID: 1ED7), a domain in chitinase A1 from
Bacillus circulansWL-12, was determined by Ikegami et al. [28]. The
CaRMSD between the CBD1 and the CBD of chitinase A1 was
2.86 Å, indicating that the structures of CBDs of Vp-COD are homol-
ogous to that of chitinase A1. The CBDs of Vp-COD contain the fol-
lowing six aromatic amino acid residues: CBD1: Trp335, Tyr341,
Tyr346, Tyr354, Trp366, and Trp375; CBD2: Trp384, Tyr390,
Tyr398, Tyr403, Trp415, and Phe424 (Fig. 1C). Several studies have
shown that the aromatic amino acid residues in the CBD can bind
to carbohydrate by stacking their aromatic rings onto the hydro-
phobic pyranose rings [29–32]. This suggests the possibility that
the aromatic amino acid residues in the CBDs of Vp-COD can also
Fig. 1. The crystal structure of Vp-COD. (A) The whole structure of Vp-COD. The structure of Vp-COD is drawn as a ribbon model. a-Helices and b-strands in the PDD are drawn
in red and blue, respectively. CBD1 and CBD2 are colored orange and magenta, respectively. The blue ball and the green ball indicate zinc ion and calcium ion, respectively.
AcOHmolecule is drawn as a stick model. a-Helices and b-strands were numbered sequentially from the N-terminus. (B) Active site of the PDD of Vp-COD. The structure of the
PDD was drawn as ribbon model. The amino acid residues predicted to be acid–base catalysts and those predicted to form the metal ion-binding triad are drawn as ball and
stick models. The blue balls indicate metal ions. AcOH molecule was drawn as stick models. (C) The CBDs of Vp-COD. Structures of the CBDs are drawn as ribbon models. The
aromatic amino acid residues are drawn as stick models.
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tion 1 and the fact that the CBDs are located on the reverse side
of the active site pocket of the PDD in Vp-COD (Fig. 1A), we do
not know the role of these CBDs during enzymatic catalysis. These
CBDs may be involved in stabilization of the active site structure of
the PDD. To address this question, we investigated the function of
the domains constituting Vp-COD.
3.3. Function of the domains of Vp-COD
Chitin-binding abilities of Vp-COD and DCBDsVp-COD were
investigated by afﬁnity chromatography using a deproteinized chi-
tin powder packed bed column. Puriﬁed Vp-COD and DCBDsVp-
COD were loaded onto separate columns, then the columns were
eluted sequentially with the several solutions. SDS–PAGE results
of the proteins contained in each eluate showed that DCBDsVp-
COD was eluted by 0.5 M NaCl (Fig. 3A) whereas Vp-COD was
eluted by 2 M guanidine hydrochloride, a protein denaturant
(Fig. 3B). These results indicate that DCBDsVp-COD adheres tochitin by electrostatic interactions while COD binds to chitin
through speciﬁc interactions via the CBDs. These experiments clar-
iﬁed that one role of the CBDs of Vp-COD is to bind to the chitin
surface.
Next, we investigated the substrate speciﬁcity and catalytic
function of DCBDsVp-COD. This mutant enzyme showed no activ-
ity toward GlcNAc and the highest activity toward (GlcNAc)2 of
the chitin oligosaccharides tested. Moreover, although its reactiv-
ity was low, DCBDsVp-COD showed higher activity toward (Glc-
NAc)3 than (GlcNAc)4. The substrate speciﬁcity of DCBDsVp-COD
is thus the same as that of Vp-COD [1], indicating that deletion of
the CBDs did not inﬂuence the substrate speciﬁcity of this
enzyme. Kinetic studies on these enzyme proteins were con-
ducted using (GlcNAc)2 as a substrate. As shown in Table 1,
although the values of Vmax and kcat of DCBDsVp-COD were sim-
ilar to those of Vp-COD, the Km value of this mutant enzyme was
higher than that of Vp-COD. Accordingly, the reaction efﬁciency
(kcat/Km) was different between both enzyme proteins. These
ﬁndings indicate that the catalytic function of Vp-COD is not
Fig. 2. Structural comparison of the PDD of COD and CDA. (A) Alignment of the amino acid sequences of the PDD of Vp-COD, PDD of Vc-COD, Cl-CDA, and An-CDA. The amino
acids residues predicted to be acid–base catalysts are highlighted with green, and those predicted to form the metal ion-binding triad are highlighted with magenta. The
speciﬁc regions, which do not exist in CDAs, of Vp-COD are highlighted with yellow. Red columns and blue arrows show sections of the sequence that form a-helices and b-
strands, respectively. a-Helices and b-strands were numbered sequentially from the N-terminus. Sequence manipulation of the proteins was conducted using ESpript [26]. (B)
Structure of the PDD of Vp-COD was drawn as a ribbon model. Sections of the sequence speciﬁc to Vp-COD that fold to provide a-helices and loops are highlighted with
yellow. The amino acid residues predicted to be acid–base catalysts and those predicted to form the metal ion-binding triad are drawn as ball and stick models. The blue balls
indicate metal ions. The AcOH molecule in the PDD is drawn as a stick model. (C) The structures of the PDD of Vp-COD, PDD of Vc-COD, Cl-CDA, and An-CDA are drawn as
surface and ribbon models.
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Fig. 3. SDS–PAGE results of DCBDsVp-COD (A) and Vp-COD (B) eluted from a chitin
powder packed bed column. Lane 1 and 2 contain molecular mass standards and
each puriﬁed enzyme sample, respectively. The other lanes contain enzyme
samples that were eluted from the chitin column by the following sequential
eluents: lane 3, 20 mM sodium phosphate buffer (pH 7.0); lane 4, the same buffer
containing 0.5 M NaCl; lane 5, the same buffer containing 2.0 M guanidine
hydrochloride.
Table 1
Deacetylation of (GlcNAc)2 by Vp-COD and DCBDsVp-COD.
Vmax






Vp-COD 39.7 ± 2.47 0.24 ± 0.0237 29.5 122
DCBDsVp-COD 38.0 ± 1.36 1.93 ± 0.115 21.6 11.2
The values of Vmax and Km (mean ± S.E.M.) were determined by three independent
experiments.
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COD toward (GlcNAc)2 is decreased. We think that removal of
the CBDs is unlikely to affect the conﬁguration of the active cen-
ter residues in the PDD, although that of amino acid residues
interacting with (GlcNAc)2 changes slightly.
In conclusion, our experiments investigating the functions of
the Vp-COD domains showed that (1) CBDs can bind chitin; (2)
the PDD can function independently as a catalytic domain; (3)
CBDs contribute little to stabilizing the catalytic function of the
PDD. Contrary to our expectation, it was conﬁrmed that CBDs of
Vp-COD are equipped only for letting this enzyme protein adhere
to chitin. What, then, is the role of the CBDs during COD catalysis
to chitin oligosaccharides? Previously, we showed that V. parahae-
molyticus KN1699 secretes far less Vp-COD than chitinase [1].
Therefore, it may be necessary to prevent Vp-COD from diffusing
into seawater; this is accomplished by Vp-COD adhering to chitin.
Another possibility is that Vp-COD may work more effectively on
the chitin surface. Studies are underway to clarify the role of the
CBDs of COD.
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